Effect of cisplatin-based neoadjuvant chemotherapy on survival in patients with bladder cancer: a meta-analysis Abstract Purpose: Cisplatin-based neoadjuvant chemotherapy (NAC) has been shown to improve survival in patients with muscle-invasive bladder cancer (MIBC) who underwent radical cystectomy as compared with patients who underwent surgery alone. It has also been suggested as current standard of care in surgically-fit patients with MIBC. This meta-analysis assessed the effect of cisplatin-based NAC on survival in patients with bladder cancer.
Bladder cancer is the ninth most common cancer, with a peak incidence in the seventh to eighth decade of life, and is three to four times more common in males than in females [1] . Urothelial cell carcinoma is the most common type of bladder cancer in Western countries, and accounts for approximately 95% of cases [1] . Urothelial cell carcinoma is clinically classified as non-muscle-invasive and muscle-invasive because muscle layer invasion is the primary factor for performing a cystectomy [1] . The 5-year relative survival rates range from 97% for stage I disease to 22% for stage IV disease [1] .
Radical cystectomy with regional lymphadenectomy is the gold standard for the management of muscle-invasive bladder cancer (MIBC), although the procedure is one of the most complex urological procedures and is associated with significant complications and morbidity [2, 3] . Survival after radical cystectomy has been shown to be associated with the pathological stage of the cystectomy specimen, with 5-year overall survival (OS) ranging from 81-93% for patients with pT0 disease and 46-48% for patients with pT3 disease [4] [5] [6] [7] . Risk of recurrence, however, is >50% [7] and is not improved with the use of preoperative radiation therapy [8] . It is believed that the high recurrence rate is the result of micro-metastasis at the time of local treatment (cystectomy and/or radiotherapy), and this has been addressed with adjuvant or neoadjuvant chemotherapy (NAC) [9] .
Although the definitive data to support cisplatin-based adjuvant chemotherapy are not available, cisplatin-based NAC has been shown to improve survival in patients with MIBC who underwent radical cystectomy as compared with patients who underwent surgery alone [10] [11] [12] [13] . The currently accepted standard of care in surgically-fit patients with MIBC is the use of cisplatin-based NAC prior to radical cystectomy [14] . In addition to potentially eliminating micro-metastasis, NAC can result in down-staging of the cancer [1] .
Interestingly, a meta-analysis reported by Advanced Bladder Cancer Meta-analysis Collaboration in 2011 suggested that there is currently insufficient information to obtain a definitive answer to the question of whether cisplatin-based NAC improves the survival of patients with locally-advanced bladder cancer [10] . Though available evidence supports the use of NAC, the benefits of different cisplatin-based NAC regimes, preoperative timing for NAC and dose schedule remain unclear [15] .
The objective of the present study was to perform an updated meta-analysis to assess the effect of cisplatin-based NAC followed by local treatment on survival in patients with bladder cancer with an emphasis on different cisplatin-based combinations and different local treatments.
Materials and Methods

Literature search strategy and data extraction
This systematic review and meta-analysis was conducted in accordance with PRISMA guidelines [16] . PubMed, CENTRAL and Embase were searched using the following search terms: (neoadjuvant chemotherapy) AND (bladder cancer) AND (randomized OR prospective); (bladder cancer AND neoadjuvant) AND (chemotherapy OR radiotherapy OR surgery) from inception until November 22, 2016. Inclusion criteria were as follows: (1) two-arm randomized controlled trials that compared cisplatin-based neoadjuvant chemotherapy plus local treatment versus the same local treatment without neoadjuvant chemotherapy; (2) patients had histologically-confirmed bladder cancer (adenocarcinoma, transitional or squamous-cell carcinoma); and, (3) survival data (overall survival [OS] and/or progress-free survival [PFS]) were reported. Local treatment included radical cystectomy or radiotherapy. Studies that compared cisplatin-based neoadjuvant chemotherapy with other types of chemotherapy were excluded. Single-arm studies, letters, comments, editorials, case reports, proceedings and personal communications were excluded, as were studies that did not report outcomes quantitatively. Searches were conducted by two independent reviewers, and a third was consulted to resolve any disagreements.
Data extracted from eligible studies included the first authours and year of publication, number of patients and demographic information, tumor stage and detail protocol of NAC and local treatments. Data of OS (primary outcome) and PFS (secondary outcome) were extracted and summarized. Two independent reviewers extracted the data, and a third reviewer was consulted to resolve any uncertainties.
Data analysis
The primary outcome for this meta-analysis was the hazard ratio (HR) for OS and secondary outcome was the HR for PFS. Hazard ratios with 95% confidence intervals (CIs) for survival outcomes were extracted for each individual study. If the HR and 95% CI were not available, the HR and its variance were estimated as described in Parmar et al. and Williamson et al. [16, 17] . Subgroup analyses were performed based on both NAC therapies and local treatments. A χ 2 -based test of homogeneity was performed, and the inconsistency index (I 2 ) and Q statistics were determined. If the I 2 statistic indicated significant heterogeneity (I 2 > 50%), a random-effects model of analysis was used. Otherwise, a fixed-effect model was employed. Pooled effects were calculated, and a two-sided P value < 0.05 was considered to indicate statistical significance. Sensitivity analysis was carried out using the leave-one-out approach. Publication bias was assessed by constructing funnel plots and Egger's test. The absence of publication bias was indicated by the data points forming a symmetric funnel-shaped distribution, and a one-tailed significance level P > 0.05 (Egger's test). All analyses were performed using Comprehensive Meta-Analysis statistical software, version 2.0 (Biostat, Englewood, NJ, USA).
Quality assessment
The methodological quality of the included studies was assessed using the risk-of-bias assessment tool outlined in the Cochrane Handbook for Systematic Reviews of Interventions (version 5.1.0) by two reviewers [19] . Six domains are examined: random sequence generation; allocation concealment; blinding of patients and personnel; blinding of outcome assessment; incomplete outcome data; and, selective reporting risk.
Results
Literature search and study characteristics
A flow diagram of study selection is shown in Figure 1 . After identifying 292 articles in the database searches, 239 non-relevant studies were excluded and 53 full text articles were assessed. Subsequently, 39 studies were excluded, including 16 single-arm studies, eight studies with irrelevant study design, five articles with irrelevant outcome, four articles with duplicated study population and six articles without full-text. Fourteen studies were included in the meta-analysis [20] [21] [22] [23] [24] [25] [26] [27] [28] [29] [30] [31] [32] [33] .
The 14 studies included a total of 3,302 patients with bladder cancer, and the number of participant ranged from 33 to 949 (Table 1 ). The mean age of patients ranged from 49 to 68 years. A total of 1,662 patients received NAC followed by local treatment and 1,640 received local treatment only. For local treatment, 865 patients underwent cystectomy, 317 received radiotherapy and 458 patients received both cystectomy and radiotherapy. The regimens and treatment dosage are summarized in Table 2 . For patients treated with cystectomy, three studies used methotrexate plus vinblastine, Li et al. Neoadjuvant chemotherapy and bladder cancer doxorubicin and cisplatin (M-VAC), two studies used gemcitabine plus cisplatin (GC), two studies used methotrexate, cisplatin plus leucovorin (folinic acid) (MC-leucovorin), one study used cisplatin plus doxorubicin (CA) and one study used cisplatin only as NAC. For patients treated with radiotherapy, three studies used cisplatin only, one study used methotrexate, MC-leucovorin, one study used cisplatin plus methotrexate, vinblastine (CMV), and one study used cisplatin, doxorubicin plus cyclophosphamide (CA-CPM) as NAC. The study reported by International Collaboration of Trialists (2011) included patients treated with methotrexate, vinblastine and MVC-leucovorin followed by either cystectomy and/or radiotherapy [21] .
Overall survival
All 14 studies were included in the meta-analysis OS ( Figure  2 ). No evidence of significant heterogeneity was observed across the data (Q statistic=15.786, I 2 = 4.98%); therefore, a fixed-effects model was used. Pooled analysis found that patients who received cisplatin-based NAC had similar OS than those who received local treatment alone (pooled HR = 0.92, 95% CI: 0.84 to 1.00, P = 0.056) (Figure 2 ).
Sensitivity analysis and publication bias for OS
According to sensitivity analyses for OS, the removal of the studies by Grossman (2003) , Millikan (2001) and Wallace (1991) resulted in the pooled HR becoming significant (Supplemental Table 1 ), indicating OS findings may have been overly influenced by each of these studies. No evidence of publication bias was noted (Egger's t = 0.421, 1-tailed P = 0.340, Supplemental Figure 1 ).
Progression-free survival
PFS data were available in six articles. Forest plot for meta-analysis of PFS is shown in Figure 3 . There was evidence of significant heterogeneity (Q statistic=21.632, I 2 = 76.89%); therefore, a random-effects model of analysis was used. The pooled analysis revealed no significant difference in PFS between patients who received cisplatin-based NAC or local treatment alone (pooled HR = 0.95, 95% CI: 0.69 to 1.29, P = 0.725).
Subgroup analyses
Due to the limited number of suitable articles available, only four subgroups of cisplatin-based NAC were analyzed ( Figure  4) . No difference in OS in patients treated with cisplatin alone before radiotherapy (pooled HR = 0.95, 95% CI: 0.76 to 1.19, P = 0.686) [25, 29] , GC before cystectomy (pooled HR=0.75, 95%CI: 0.50 to 1.12), MC-folinic acid before cystectomy (pooled HR = 0.84, 95% CI: 0.64 to 1.10, P = 0.210) [21, 22] , and MVAC before cystectomy (pooled HR = 1.22, 95% CI: 0.98 to 1.52, P = 0.076) [18, 20, 23] . Subgroup analysis of cystectomy or radiotherapy after NAC showed no significant difference in OS between patients who received NAC followed by cystectomy and those who received cystectomy alone (pooled HR = 0.96, 95% CI: 0.84 to 1.09, P = 0.527; Figure 5 ). Similarly, no significant difference in OS was observed between patients who received NAC followed by radiotherapy and those treated with radiotherapy alone (pooled HR = 0.95, 95% CI: 0.80 to 1.12, P = 0.539; Figure 5 ).
Quality assessment
Results of the quality assessment are summarized in Supplemental Table 2 . Only five studies reported allocation concealment (selection bias), and no study provided blinding information (performance bias and detection bias). Attrition bias was low in every included study, and all of the pre-specified outcomes were reported in all studies (reporting bias).
Discussion
The overall pooled results of the 14 included studies indicated that cisplatin-based NAC and local treatment improved survival in patients with advanced/invasive bladder cancer similarly, regardless the combination of regimens. Subgroups analysis of the three different cisplatin-based NAC regimens did not find a difference in efficacy among the NAC regimens and also failed to show that NAC followed by local treatment (cystectomy or radiotherapy) improved survival compared with local treatment alone suggesting the benefit of adding cisplatin-based NAC to local treatment is still undefined.
Various large-scale trials have provided varying results with respect to the survival benefit of NAC in patients with bladder cancer. The Southwest Oncology Group 8710 phase III trial randomized 317 men with cT2-T4aN0M0 operative MIBC to receive methotrexate/vinblastine, doxorubicin/ cisplatin NAC followed by surgery or surgery alone. [22] This randomized controlled trial reported that 38% of surgical specimens were pathologically free of cancer in the NAC group as compared with only 15% in the group that did not receive NAC and a survival benefit in the NAC group was seen. [22] The International Collaboration of Trialists randomized 976 patients with MIBC to receive three cycles of cisplatin/methotrexate/vinblastine NAC followed by local treatment or local treatment alone (cystectomy and/or radiotherapy). [21] While the initial results of the trial did not demonstrate a survival benefit with NAC, an update of long-term results indicated a 5-year OS in the NAC group of 36% vs. 30% in the local treatment alone group (hazard ratio [HR] = 0.84, P = 0.037) [21] . Both large scale trials demonstrate a survival benefit with NAC; however, in the Nordic I trial, 311 patients were randomized to receive two cycles of cisplatin/doxorubicin or no NAC followed by radical cystectomy [28] . The results showed no OS or cancer-specific survival benefit of NAC at 5 years (59% vs. 51%) [28] . The Nordic II trial, which randomized 309 patients to three cycles of cisplatin/methotrexate NAC followed by radical cystectomy or radical cystectomy alone, also found no difference in 5-year survival (53% vs. 46%) [23] . Interestingly however, a combined analysis of the data from both Nordic trials showed that NAC was associated with improved 5-year OS (56% vs. 48%, P = 0.049) with a 20% reduction in the relative hazard in 
